In order to fabricate an aluminum grain refiners such as AlTiB and AlTiC, environmentally damaging fluoride-containing fumes induces an expensive emission control system. Furthermore, the problems associated with boride agglomeration in AlTiB refiner and expensive fabrication cost of AlTiC refiner have created a demand for boron-free and cheaper grain refiners. In the present study, Eco-friendly (K 2 TiF 6 -less) fabrication process of fading-less AlTiC refiner was investigated by an in-situ TiC formation through an melting of cheap Al-Ti master alloy in Graphite crucible and atomization of AlTiC melts producing AlTiC powders containing carbon with 250ppm. We aimed at evaluation of fading mechanism, then prevention of the fading at relative long holding time as well as substitution of AlTiB grain refiner for eco-friendly and cheaper cost.
Introduction
The use of AlTiB type master alloys for grain refinement of aluminum alloys is an established procedure in the aluminum casting foundry industry. Despite the undisputed grain refining ability of AlTiB, more and more industrial uses feel the need for an additional alternative in this field. AlTiC grain refiners form a relatively new alternative to the existing class of AlTiB grain refiners for achieving fine equiaxed grain structure in aluminum alloys during casting and solidification. AlTiC grain refiners have been prepared so far by reaction of molten Al with K 2 TiF 6 and graphite powder but this reaction process produces environmentally damaging fluoride-containing fumes in the form of intense emission for a short period of time and this necessitates an expensive emission control system large enough to handle the periodic high emission rate.
In AlTiC grain refiner, Al 3 Ti particles are introduced into the melt along with the TiC particle. Since the latter are claimed to nucleate a-Al directly, it is of great technological interest to see impact of morphological changes in Al 3 Ti and TiC particles with respect to holding time in order to develop eco-friendly grain refinement of aluminum alloys. In the present study, we aimed at development of eco-friendly grain refiner without usage of environment load material such as K 2 TiF 6 .
Experimental procedures
Eco-friendly (K 2 TiF 6 -less) fabrication process of AlTiC refiner was investigated by an in-situ TiC formation through an melting of non-toxic Al-Ti master alloy in graphite crucible, then atomization of AlTiC melts producing AlTiC powders containing carbon with 250ppm and Ti with 8.6wt.%. The fabricated AlTiC refiner was added to molten A3003 alloy for grain refinement. The variation of grain size and mechanical strength was measure at different holding time (1, 5, 10, 30, 60, 90, 120, 150, 180 and 240 minutes) at 750°C. The resistance-heated furnace and high purity alumina crucible were used in melting and holding of A3003 alloy. Furthermore, commercial Al-5Ti-B grain refiner was also added to A3003 alloy to compare grain refinement ability with Al-Ti-C grain refiner fabricated in the present study. Grain sizes were determined in a polarizing light microscope by a line intercept method on polished. After holding, the microstructural characterizations were performed by scanning electron microscopy (SEM). The EBSD experiments were conducted on a FE-SEM with a step size of 1µm and the image area was set at 1000 x 800 µm 2 .
Results and discussion
The Fabrication of Al-8Ti-0.025C grain refiner was carried out by melting of Al-10Ti master alloy in graphite crucible powder. As shown in Fig. 1(a) , the content of carbon in Al-Ti master alloy melt increases with increasing holding time because the carbon was extracted from graphite crucible. Because the solubility of titanium in aluminium at 750 °C is about 0.3wt.% in binary Al-Ti phase diagram, the titanium could be dissolved into aluminium matrix with increasing holding time. In contrast, the volume fraction of TiC, which was formed via in-situ reaction of dissolve Ti and C, increases with increasing holding time as shown in Fig.1 (b) . It can be mentioned that the in-situ reaction between solute Ti and graphite particles promoted generating TiC particles which gradually replace the TiAl3 particles upon further holding the melt at 750°C. Later on, TiAl3 phase disappeared and Ti dissolved in aluminium reacted with graphite particles to form TiC particles. The fabricated Al-Ti-C powder was subjected to X-ray diffraction for phase identification using X-ray diffractometer (XRD) with Cu Kα radiation. Fig. 3 shows the grain size measurement result of A3003 alloy unrefined, refined through the addition of Al-Ti-B refiner and Al-Ti-C refiner, respectively. It is clear that the fabricated Al-Ti-C grain refiner in the present study shows superior refinement performance. The Al-Ti-B grain refiner produced some grain refinement too, but the refinement started at relative longer holding time than that from the Al-Ti-C grain refiner. It should be noted that the Ti amount added into A3003 alloy through Al-Ti-B is 3 times that through Al-Ti-C refiner. The mechanical strength such as tensile strength and yield strength was similar in A3003 alloy refined through the addition of Al-Ti-B refiner and Al-Ti-C refiner at long holding time of 240 minutes. Two conditions need to be fulfilled to obtain efficient grain refinement: (i) a sufficient number of potential nuclei must be present in the melt and (ii) a large fraction of potential nuclei must be activated. The TiAl 3 and TiC particles act as substrates for heterogeneous nucleation of aluminium grains during solidification. Maxwell and Hellawell [7] have shown that the nucleation of aluminium This could explain why the Al-8.6Ti-0.025C refiner showed better and faster grain refining efficiency with respect to Al-Ti-B refiner. The result of a recent paper wherein AlTiC refiner containing both TiAl3 and TiC exhibits much better effect in refining pure Al than that containing only TiC [8] , revealing the importance of excess Ti (beyond that combined in TiC) in the refinement of Al alloy by TiC-type Al refiner.
Summary
In the present study, eco-friendly grain refinement of A3003 alloy via an in-situ reaction between Ti and C in non-toxic Al-Ti master alloy for substitution of toxic Al-Ti-B master alloy could be achieved. The Al-8.6Ti-0.025C refiner fabricated in the present study showed better and faster grain refining efficiency with respect to Al-Ti-B refiner.
